Abstract-Informing caregivers by providing them with contextual medical information can significantly improve the quality of patient care activities. However, information flow in hospitals is still tied to traditional manual or digitised lengthy patient record files that are often not accessible while caregivers are attending to patients. Leveraging the proliferation of pervasive awareness technologies (sensors, actuators and mobile displays), recent studies have explored this information presentation aspect borrowing theories from context-aware computing, i.e., presenting subtle information contextually to support the activity at hand. However, the understanding of the information space (i.e., what information should be presented) is still fairly abstruse, which inhibits the deployment of such real-time activity support systems. To this end, this paper first presents situated glyphs, a graphical entity to encode situation specific information, and then presents our findings from an in-situ qualitative study addressing the information space tailored to such glyphs. Applying technology probes using situated glyphs and different glyph display form factors, the study aimed at uncovering the information space pertained to both primary and secondary medical care. Our analysis has resulted in a large set of information types as well as given us deeper insight on the principles for designing future situated glyphs. We report our findings in this paper that we expect would provide a solid foundation for designing future assistive systems to support patient care activities.
I. Introduction
Improving the quality of care is one of the fundamental strategies for a better health system. Various measures are being pursued by health institutions to reach this goal. For example, the UK government in 2004 introduced the "Pay for performance" incentive scheme, which linked approximately 25% of a physician's income to 146 quality indicators [1] . Similar measures are in effect in the US where these programs affect not only physicians but also hospitals. Initial reports on the effects of the adoption of these programs point out either plateaued [2] or modest increases in clinical performance [3] .
Hospitals are dynamic environments where due to the high workload, it is not uncommon for certain events to go unnoticed [4] . For example, patients might lie in the same position for too long or they could have to wait longer than expected for a nurse to respond to an alarm call. These events can negatively affect how a patient believes she is being treated by the hospital. In light of this, context-aware computing -the potential of applications to present information that is relevant to the context of the users, such as location, time, and current activities [5] , [6] -can intervene to provide support measures for both hospital staff and patients.
Recent work has investigated assistive system design aimed at capturing short term events as well as presenting patient records and other contextual information in graphical languages to improve patient care experience [4] , [7] - [10] . In our previous work, we introduced the notion of situated glyphs to support real-time medical information provisioning using graphical representation [11] . In an hospital environment, there is an established ubiquity of graphical signs as they are used for a wide range of purposes: directions to specific areas of the ward, rules to abide by, status information on medical equipment, etc. However, these graphical representations are seldom dynamic in nature or context-aware as they are confined to printed material or desktop applications aimed at practitioners. The notion of situated glyphs stems from the implicit acceptance that they have in this particular workplace. In contrast to their static counterparts, the idea of displays presenting glyphs has the unique advantage of being able to portray information that can adapt to real time events and situations, thus being always up to date and currentsomething that can have a profound impact on the quality of care. Furthermore, they do not require any radical changes in the current work practices of hospital staff.
However, the understanding of the medical information space that can be encoded into glyphs, i.e., the diversity of information, temporal priority, as well as proper presentation notation is still fairly poor, which in turn inhibits the successful deployment of such system. In this paper, we address this particular aspect of understanding the information space by reporting on a qualitative study where we exposed caregivers to the idea of situated glyphs. To uncover the information space, we conducted a workshop at a psychogeriatrics ward in the Netherlands, following a participatory design approach. As a technology probe, we have used a different set of glyph designs, slightly different information types and micro displays. This study gave us a deeper insight on the informa-tion space and resulted in identifying 28 unique information types. Furthermore, active participation from the caregivers in encoding this information allowed us to capture 54 design examples that can be represented with situated glyphs. Based on these findings we offer design guidelines for future assistive systems aimed at supporting healthcare environments.
II. Related Work
The literature presents several examples of pervasive systems in the medical domain. However, these works usually focus on single or specific tasks to improve. A wide range of different monitoring devices are commonly found in hospital rooms; these devices can be potentially used to provide various streams of data. For example, numerous efforts have been made to go beyond traditional audiovisual notifications: Favela et al. [10] present an activity recognition system that, by using a neural network, presents relevant information to the estimated activity being performed. Sensors can also be integrated seamlessly within the hospital environment: many object that are commonly available can be augmented to provide contextual information. Bardram [9] have augmented a bed and pill container with RFID tags. The bed is able to detect the patient lying on it and a nurse in its vicinity. An embedded touchscreen display reacts to the environment by suggesting the medicine schema to the nurse, assuring that the right one is chosen. The display device also acts as a normal PC screen allowing the patient to check her/his emails and watch TV. The pill container supports medicine administration by highlighting the correct tray holding the pills associated to a nearby patient. Large interactive displays can supersede traditional whiteboards to show surgery schedules and situational information about operating rooms [12] . Objects that are not traditionally seen as displays can also present information. Segura et al. [13] used a flower vase and a motion statue to convey patient status data. The first device has two sets of flowers that blink when a patient's urine bag is almost full and needs to be replaced. The first set of flowers is activated by a weight sensor connected to the bag. The second set of flowers, being arranged in a grid, gives the actual position of the interested patient. These augmented devices aim to support nurses in an unobtrusive way, so that their actual purpose can only be understood by those who are aware of their meaning.
In this way, these technologies tend to become a fundamental part of hospital processes. However, users acceptance of these systems is not obvious as some studies indicate that hospital staff may be wary of adopting certain technologies, because of the concern that they might also be employed for surveillance purposes [14] , [15] . Hospitals are highly dynamic workplaces in which daily activities are inherently distributed over the physical environment. Hospital staff is therefore seldom tied in a fixed place, as they have to check multiple patient rooms, access different hospital facilities such as medicine rooms, operating theaters, etc. Errors during medical practice are unfortunately not rare: prescription errors were reported to be as high as 13% of the cases analysed in one study [16] . These errors are mostly due to nurses not being completely aware of what could already have been done by other staff.
Erroneously administered drugs can lead to life-threatening events.
In light of this, support for roaming activities, even through displays, has been proposed as a very important aspect in the design of hospital information systems [7] . In the literature, there is ample evidence of the power that graphical representations have to quickly convey information [17] . One such method is encoding data into glyphs, pictograms representing multivariate data values through different graphical attributes, e.g., shape, colour, size, etc. By themselves or in combination between each other, glyphs are able to communicate vast amounts of information. Glyphs have been used to encode data features in several works on information visualization. Ropinski and Preim explored their use in medical visualizations [18] . They propose a taxonomy grounded on the theory of perception and classify glyphs according to how they communicate information to the viewer. A series of guidelines are defined to help guide the design of such glyphs. In the medical domain, there is often the need to encode patient data in succinct form. Traditional textual representations take time to read and fully comprehend and in this context, where physicians may have to browse several such patient records, they are far from being an ideal solution. Lamy et al. [19] define a graphical language to encode prescription instructions for medicines. Incorrect prescriptions by physicians can lead to errors and, thus, complications for the patients. Drug monographs provide detailed text instructions to warn about possible side-effects. However, reading with the needed attention the provided information is a very time-consuming activity. Glyphs assembled through graphic primitives such as shapes and colors are used in conjunction with icons to describe side effects or medical actions. Evaluation results showed that physicians understood 89% of the produced icons and were able to understand graphical sentences 1.8x faster than textual data. Encoding medical textual information in graphical icons or glyphs has also been studied by Müller et al. [20] . Patient case histories are encoded in a single glyph which reports the main diagnosis and an overview of the most recent events such as examinations and treatments. This information can also be presented at different detail levels, by accessing glyphs representing past events individually. These previous works use glyphs from a static viewpoint. Information is encoded into a glyph which then remains immutable. We wanted to go beyond this concept and, in our previous work [11] , we explored the design space of a spatially distributed system that uses dynamic glyphs to support work activities in the medical domain.
Our goal was to investigate how best to model the data coming from activity-aware sources, so that by providing an always up-to-date graphical rendition of the quality of care through glyphs, real improvement could be attained. In that particular instance, we studied the different information categories that need to be considered when modelling a glyph: what information to present, how, where and when to present it. Key findings from this study prompted us to perform further research into the information space that can be portrayed by situated glyphs, the results of which we present in this paper. In the field of information visualization, a glyph is a graphical object designed to convey multiple data [17] . Different parts of the representation or different visual attributes (e.g., shape, size, colour) are utilized to encode different values. One early example was shown by Chernoff [21] who represented multidimensional data through different attributes of human faces, e.g., a nose, eyes. In contemporary literature, researchers have used glyphs to represent different attributes of documents [22] , for visualising software management data [23] or for visualization purposes in military command and control applications [24] .
Due to their intrinsic capability of representing multiple variables with a single graphical representation, there are opportunities to explore the use of glyphs for exposing salient information in a subtle fashion in dynamic work places. Recent studies have shown that there is a clear need to present task-centric information in demanding work places, such as hospitals or industrial plants [8] , [25] . Consider the situation depicted in Figure 1 (a), where a nurse has multiple choices of activities with multiple patients and objects. She might decide to use the saline equipment with the patient one or three, or she might decide to support patient two. In all these cases, she needs information that matches her activity. Previous studies have shown that medical personnel would benefit most from having specific information available (e.g., guidelines) about their current activity, linked to relevant equipment and patients in this activity's context [8] , [26] .
To this end, we envision that glyphs provide an interesting design alternative to present real time in-situ information to support interleaved multiple activities involving multiple individuals and equipment in complex workplaces. In our previous work [11] , we devised "Situated Glyphs" which are graphical units that are situated in time and space -they are visual representations of activities, and are adaptive, mobile and replaceable. Fig. 1(b) envisions the same situation as explained above, but here the environment is augmented with multiple situated glyphs. In this case when a nurse approaches an equipment or a patient to perform an activity, corresponding glyphs show the information that is relevant to that activity. One of the key functions of situated glyphs is to help people discover the activities that can be performed in a given space, at a given time with the devices and objects at hand.
There has been a lot of work on information provisioning through ambient displays -often embedded in interesting artistic objects or everyday artefacts, distributed across the environment and providing a constant stream of peripheral information [27] - [30] . Information presented via ambient displays is always interesting, sometimes useful but rarely vital. In contrast, our focus with situated glyphs is activity-centred. Our aim is to support (cognitive and physically) demanding real-world activities (such as nursing tasks in a hospital) by mapping visual representations of activity-specific information to physical environment using situated glyphs.
Our first glyph design ( Figure 2 ) was created in close coordination with an expert designer, based on our requirements for situated glyphs. We have later adapted these designs into a prototype visual language following insights from the information visualization literature. The glyph in Figure 2 (b) corresponds to a "red" coded nurse's activity of measuring blood pressure with a "red" coded patient numbered "3", using a "red" coded blood monitoring device numbered "19" which is available in the south-east direction. This glyph design is adaptive and dynamically changes its content depending on the activity at hand and the context of the activity, i.e., glyphs are initially abstract, on approaching an individual or an object more detail is revealed as in Figure 2(a) .
Previously, we identified [11] four different design cardinals for these situated glyphs: information affinity, representation density, spatial distribution and temporal distribution -which address content, appearance, placement, and timing aspects of situated glyphs. In this study, we seek to gain a better understanding of the design space for situated glyphs in the healthcare domain, and focus mainly on the first two design cardinals: information affinity and representation density. These describe what information should be presented to caregivers and how to present it. After all, to get conclusive answers on the other dimensions of the design space (i.e., when and where information should be presented), we should know first what information should be presented and through which means (both in terms of design and technology).
IV. What Information to Present and How: An Exploratory
Study in a Psychogeriatrics Ward A. Motivation
To better understand how situated glyphs can be employed in the healthcare domain, a study was conducted at a medical facility which aimed to investigate what information should be presented to caregivers using situated glyphs and how this information should be visualized.
The study consisted of a one-day brainstorming workshop with nurses working in a psychogeriatrics ward. Psychogeriatrics is a subspecialty of psychiatry dealing with the study, prevention, and treatment of mental disorders in humans with old age, such as dementia. Besides providing primary care, nurses in this ward also spend a significant part of their time providing secondary care. This includes helping patients with their activities of daily living (e.g., a typical morning routine: morning hygiene, getting dressed and having breakfast), a greater emphasis on social contact with the patients, promoting and maintaining an individuals self-esteem and supporting patients in their social and psychological needs. The medical staff in this ward requires more -and at times more subtle -information than the traditional clinical information (e.g., medical history, vital signs, allergies), such as a profile of the patient's mental capabilities, how to best approach them, or their personal history (e.g., occupation, children, spouse). This need for detailed patient information motivated us to select this type of ward for gathering feedback on our ideas.
B. Location and Participants
The workshop took place at the psychogeriatrics ward of a care center in the province of Limburg, the Netherlands. The managing organization provides elderly care in this specific region, which besides these care centers also includes home care and housing. The psychogeriatrics ward where the study took place at that time cared for 55 patients, and employed about 60 staff members.
We recruited 7 participants from this ward (1 male and 6 female) for a focused brainstorming workshop. The group consisted of 6 nurses (the team lead and 5 other nurses), and 1 recreational therapist 1 who also works closely with the patients and interacts with the nurses on a daily basis. Participants ranged from 23 to 58 years old, with a mean age of 42. In a demographic survey that was conducted before the start of the workshop, we also asked participants about their experience with technology such as computers and mobile phones, their responsibilities and experience in their current job. All participants reported owning a mobile phone. They rated their experience with computers and mobile phones as average, with a mean expertise of 3.29 for the former and 3.14 for the latter (5 = expert, 1 = none). On average, participants had 15.43 years of experience (x = 9.00, σ = 10.94). We asked nurses about any other responsibilities they might have next to their main job. All but one nurse listed one or more additional responsibilities, ranging from being the personal caregiver for certain patients, taking care of planning and task allocation, to serving as one of the ward's incontinence officers.
C. Method
During the one-day workshop, nurses were asked to participate in brainstorm exercises about information needs and glyph design, as well as in open discussions about their day-to-day work activities, problems they encounter, and how situated glyphs could possibly be used to help them in their job. In order to make our ideas concrete, we demonstrated situated glyphs through technology probes, and explained our initial glyph designs. 1 Recreational therapists use recreation as a way of promoting and maintaining an individuals self-esteem and social and psychological needs.
The workshop was organized in three separate sessions with breaks in-between. Before the start of the workshop, we introduced ourselves and explained our motivation and the general structure of the workshop to the participants. During the first session, participants introduces themselves to us and to the rest of the group. This was followed by a group discussion on their typical work day, and the main issues and difficulties they encounter in their job (asking questions such as: "What can go wrong and why?" or "How do you know what to do?").
In the second session, we asked participants to list different types of information that they need in their daily work activities. They were given paper index cards and were asked to write down as many different information types as possible, as shown in Figure 4(a-b) . Afterwards, participants had to discuss each of the information types they wrote down in group and other participants were instructed to raise their hands when they wrote down the same information type (Figure 4(c) ).
The third session started out with an explanation of the idea of situated glyphs, after which we showed participants the glyph designs and technology probes. Participants were introduced to the idea of having networked micro displays that could be distributed in different locations in the ward, such as in patient rooms or the supply room and could be interacted with using touch. As a proof of concept, we used iPod touch devices encased inside acrylic boxes, as shown in Fig. 3 . The front panel of the box has a cut-out hole so that the iPod frame and part of its screen are hidden away. As a result, only a 4.5 × 4.5 cm display area is visible. In this way, observers of the device are not led to assume that they are viewing the display of an iPod touch and will instead treat it as a "normal" screen. To illustrate different form factors, we also showed a small 51 × 30 mm OLED display module (Fig. 3 ). Participants were told that this form factor would enable glyph displays to be attached to objects or to be worn on the wrist like a watch. After this demonstration, we distributed a new set of index cards and instructed participants to show us how they would represent each of the information types they wrote down before. They were told to use whatever representation seemed right (e.g., symbols, icons, numbers, text, or combinations of these) (Fig. 4(d) ). Participants then again discussed their designs in group, to reflect on which representation they deemed most appropriate.
The workshop was closed with an open group discussion, after which participants received a box of chocolates as a reward for their participation. We used video recordings, photographs and voice recordings for later analysis. The recordings were transcribed and combined with the photographs, after which we collated the results and analysed the data. We used affinity diagrams to group items and discover patterns.
D. Observations 1) Daily Work Issues:
When participants were asked about their day-to-day activities, two important findings emerged: a) Interruptions: We asked about the kind of emergencies or unexpected problems that might arise during a typical day. They mentioned amongst others being called away, when they have to leave the patient alone. This could happen for several reasons: the telephone rings; another nurse needs assistance; they might have to assist the physician while doing a round of the ward; they might be notified of a triggered motion sensor on their pager which indicates that one of the patients has left their room. This indicates that nurses encounter many interruptions, and will benefit from having the right information available at the right time to be able to quickly return to a previous activity. b) Information overload: Participants mentioned that their principal means of communication with colleagues is the patient's file. This is an all encompassing document which contains all relevant information specific to that patient, including important phone numbers, the patient's schedule, tasks that have to be performed and logs of care activities. However, nurses mentioned that even though this document contains all relevant information, they often don't have the entire file with them as it is too big. This means they have to run around a lot when they need additional information. Moreover, medical files also contain protocols specific to certain conditions that the patient suffers from such as bedsores. Although these protocols should in principle be known by the nurses, some conditions only occur rarely and it would thus be helpful to get a quick summary of this protocol to refresh their memory. Additionally, nurses said that they do not have the time to go through all information in a patient's file, and that it would thus be helpful to get relevant information when needed. These results indicate that nurses in this type of ward have to deal with an enormous information overload. We believe that situated glyphs could be used to help nurses obtain the right information at the right time in order to cope with this information overload, and would save them time so more time can be spent caring for the patients.
2) Information Types: The first brainstorming exercise resulted in 88 index cards (approximately 12 per participant). From the resulting group discussion and further analysis after the workshop, we distilled 28 unique information types. We eliminated duplicates, clustered similar information together and afterwards contacted the team lead again to verify our findings and understanding of the information types. Table I shows these 28 information types together with a short description and the number of participants that listed them in the brainstorm exercise. We noticed that many of the information types are specific to this type of ward or related to secondary care activities (e.g., strategies on how to approach a patient, and the patient's course of life).
3) Glyph Design: The glyph design brainstorm exercise resulted in 54 glyph designs, of which a few examples are shown in Fig 5. After analysing these designs, we were able to distinguish between different patterns of representations used by the nurses in their designs, as shown in Table II . There were a number of interesting observations: nurses used a variety of different representations in their designs; they mainly relied on two information presentation modalities (lists and schedules) for presenting more complex information; important or exceptional information was consistently indicated using exclamation marks; and information that logically belongs together was often represented within a single glyph. Some examples of the glyphs that participants designed in the workshop. Note the use of both textual, iconic and symbolic information, as well as the use of domain-specific acronyms (e.g., ADL/HDL, KDA, VZA) or abbreviations (e.g., MED, OPDR). Participants frequently used exclamation marks to indicate important information.
V. Discussion
We concretise our findings in two ways. First, we present an updated glyph design, based on the information types and designs by the workshop participants. Secondly, we generalize our approach in the form of design guidelines which we feel can help designers to encode activity-centric information into situated glyphs for medical professionals. 
A. Updated Glyph Design
We have revised our original glyph design to account for the information types identified in the workshop (see Table I ) and the notations participants used in their designs (see Table II ). Our original design focused mostly on primary (medical) care activities, such as providing medication or checking a patient's vital signs. During the workshop, nurses expressed a need for more detailed information, such as a patient's daily schedule, as well as less activity-centric information, such as their level of autonomy with respect to Activities of Daily Living (ADL). Three example glyphs that use our revised design are shown in Figure 6 . The new glyphs are characterized by a greater emphasis on information types deemed important by the nurses such as daily schedules or secondary care activities, and make better use of the notations they employ everyday (e.g., acronyms for disciplines, exclamation marks).
Not all information types in Table I are activity-specific (e.g., Course of Life). In future work, we feel it is necessary to get a better understanding of how to best present this type of information to caregivers, without overwhelming or distracting them. One approach could be to allow caregivers to interact Fig. 6 . Our updated design based on the results from the workshop. Note the use of acronyms (e.g., A for "Arts", which is doctor in Dutch), time schedules, exclamation marks to indicate important or exceptional information, the caduceus symbol, and the inclusion of secondary care activities (e.g., the scissors indicating an appointment with the hairdresser).
with the glyphs to quickly request specific information (such as the patient's primary contact, in case a family member needs to be contacted).
B. Design Guidelines
The overarching goal of situated glyphs is to raise awareness of events that have happened or will happen and provide guidance on how to attend them. Based on our findings, we
Representation Example Usage
Single Letters Categories which are easily distinguishable using only a single letter, such as disciplines (e.g., E: ergo, PH/F: physio, P: psychologist).
Symbols
Well-known symbols or icons, such as the caduceus symbol indicating medicine (or medical data in this particular case).
Acronyms
Specific acronyms with which nurses are familiar and which are also used in reports (e.g., ADL).
Abbreviations
Well-known abbreviations that nurses often use as a short-hand in reports or for documentation purposes (e.g., MED for medication).
Lists and Tables
Various purposes, such as lists of incidents (in this case), tasks, short-term attention points, materials, phone numbers, etc.
Schedules
Various purposes, such as a patient's daily schedule, specific appointments, when to provide medication. Needs to draw attention to events that deviate from the standard routine (e.g., changes in when medication is administered).
Exclamation Marks
Exceptions, changes to the regular routines or important information (e.g., in this case a change in incontinence material).
Pictures
Representing patients with pictures was deemed useful in general, but especially for new employees or supporting nurses who only work at the ward on a temporary basis.
Multi-Dimensional Several data that together form a logical unit (e.g., bodily functions, such as blood pressure, pulse, weight, stool patterns). distilled a number of principles we feel are important in the design of situated glyphs for healthcare applications: 1) Design for a dynamic work environment: Since caregivers typically have to deal with many interruptions, glyphs need to immediately communicate their intended meaning to caregivers so that they can be aware of their purpose with no more than a few glances. Glyphs should strike a delicate balance between providing enough information and still being easy to read. Participants also expressed concerns about the readability of information on small displays, especially for older staff. 2) Inform, don't distract: Glyphs should not distract observers, whether those are patients or caregivers. This means designers should be cautious to use animations or sounds to draw the attention. Especially patients who suffer from mental illnesses (e.g., dementia), might be confused or distracted by attention-grabbing displays. 3) Respect the patient's privacy: Glyphs need to hide sensible information to visitors and other patients, if possible. For example, a glyph could show that a patient needs to be treated with a specific type of medicine or undergo an examination, whose exact type is known to the nurse, thus avoiding the need to reveal the specific kind. Another possibility is to use identification technology (e.g., NFC) to only show information to authorized personnel. During the workshop, however, participants mentioned that it is ultimately their own responsibility to make sure the patient's privacy is respected. 4) Contextualize: It is important for a solution that employs situated glyphs to take into account the environment in which it will be deployed. There is no "one size fits all" approach, as the hospital staff will, to a large extent, be accustomed to local practices. Therefore, the design of a glyph-based system should take these practices into account and not force caregivers to use a new way of working. As mentioned before, during the workshop, we observed how participants used abbreviations that they are familiar with and how they organize information in the form of structures that they are accustomed to, such as schedules or lists. This also means that glyphs should not be overly detailed, as the hospital staff is assumed to know their procedures. However, finding a suitable way to encode information into a "glyph" is not a trivial problem. An ideal glyph design would have to be based on a consistent grammar, be able to model several different information types and provide extensibility should new needs arise. The information space to model should cover different types of activities, notifications, and events; it should also be appropriate for the target audience considered, final display devices, etc. This, in turn, leads to a vast solution space and makes it difficult to establish whether a particular design is the most appropriate.
In this paper, we have investigated the application of situated glyphs in healthcare. Situated glyphs are visual, dynamic representations of activities that assist caregivers in discovering activities that can be performed in a given situation. We organized a workshop to investigate the information space to encode into glyphs, and gathered examples of glyph designs through participatory design with medical professionals. Based on these results, we have shown concrete examples of glyph designs that take these findings into account, and have provided a number of design guidelines which we feel can help designers to encode activity-centric information into situated glyphs for healthcare professionals. When deploying situated glyphs in healthcare facilities, we recommend using a usercentered design approach to ensure that the implementation of situated glyphs fits with the work practices of the caregivers.
While our findings are not necessarily generalizable to other healthcare environments, participants mentioned that they expect situated glyphs to be useful in other types of wards as well (e.g., an intensive care unit). In general, we expect situated glyphs to work well for environments in which workers have to deal with frequent interruptions and need access to detailed information while performing their daily duties.
